Background and ObjectiveaaThis study aimed to investigate objective and subjective continuous positive airway pressure (CPAP) compliance in patients with obstructive sleep apnea syndrome (OSAS). Moreover, we evaluated the factors and benefits associated with good CPAP compliance. MethodsaaSubjects were 153 OSAS patients who underwent polysomnography for CPAP titration. Subjective compliance was defined as reported CPAP use of at least 4 hours a day for five or more days per week, and objective compliance was defined as CPAP use of at least 4 hours a day for more than 70% of the time recorded in the CPAP machine. ResultsaaThe subjective and objective compliance rates were 34.0% and 20.7%, respectively. Subjectively compliant patients had lower minimum O2 saturation and higher % of time with O2 saturation lower than 90% than did patients declining CPAP treatment. Objectively compliant patients had lower insomnia and depression score and lower minimum O2 saturation than did patients declining CPAP treatment. Daytime sleepiness and subjective sleep quality improved to the same extent in both objectively and subjectively compliant patients. ConclusionsaaLower insomnia score and more severe OSA correlate with good CPAP compliance. CPAP effect was comparable between subjectively and objectively compliant patients.
INTRODUCTION
Physicians have considered continuous positive airway pressure (CPAP) to be the optimal therapy for patients with moderate to severe obstructive sleep apnea syndrome (OSAS). 1 Patients with OSA can get many advantages from regular CPAP usage, including improvements in daytime sleepiness and nighttime sleep quality for both the patients and their bed partners; 2, 3 reduced risk of cardiovascular disease and neurocognitive impairment; 4, 5 and reduced risk of motor vehicle accidents. 6, 7 However, CPAP usage may cause certain discomforts that lower its acceptance and adherence rates. 8 Since CPAP is a self-imposed treatment, researchers and clinicians have regarded compliance as the main determinant of CPAP success. Despite many attempts to improve CPAP treatment adherence, the treatment's acceptance and adherence rates are still low. 9 One comprehensive literature review of CPAP acceptance found that less than half of patients initiated CPAP therapy when their physicansc recommended CPAP therapy. 10 Recently Simon-Tuval et al. 11 found that only 40% of patients needing to use CPAP had actually purchased the device.
A number of studies have tried to discern the factors that predict good adherence to CPAP treatment. 2, 10, 12 The factors that increased CPAP adherence were increased severity of sleep apnea, greater daytime sleepiness, and perceived symptomatic benefits. However, previous studies found these factors did not prove consistently able to predict good compliance 12, 13 and several studies were limited by small sample sizes and short follow-up periods. 14, 15 Also, inconsistencies regarding the factors predicting good compliance might have resulted from different definitions of CPAP compliance and different ways of measuring compliance. 13, 16 This study aimed to investigate both subjective and objective CPAP compliance rates in OSAS patients, using a clear definition of "good compliance. " In addition, we tried to find any factors or benefits that correlated with good CPAP compliance and to explore the differences between objective and subjective compliance regarding benefits and predictive factors.
METHODS

Subjects
The study subjects were patients with OSAS who had undergone both baseline and CPAP titration polysomnography (PSG). All subjects had been referred to the sleep laboratory of Seoul National University Bundang Hospital between November 2006 and September 2009. Among 173 OSAS patients whom we initially included in this study, we were unable to contact 15: 9 patients with changed phone numbers, 4 who did not answer calls, and 2 now living overseas. After we excluded a further 4 patients with insufficient information for this study and 1 deceased patient, the study's final analysis examined 153 patients (Fig. 1) . The study protocol was approved by our Institutional Review Board, and each subject provided written informed consent.
Polysomnography and CPAP Titration
We performed nocturnal PSG on all subjects using an Embla TM N 7000 recording system (Embla; Reykjavik, Iceland) with standard electrodes and sensors. Electroencephalography electrodes were applied at C3/A2, O1/A2, and O2/A1, and two electrooculography (EOG) electrodes were applied at the sides of each eye, to record horizontal and vertical eye movements. We applied submental electromyography (EMG) electrodes to the submentalis muscle, and EMG of both anterior tibialis muscles recorded limb movements during sleep. Strain gauges recorded chest and abdominal respiratory movements, and nasal pressure cannulas measured airflow. To measure arterial oxygen saturation, we placed pulse oximeters on subjects' index fingers. Based on the criteria of Rechtschaffen and Kales, 17 we scored every 30-sec NPSG epoch. We defined apnea as a complete cessation of airflow ≥ 10 sec; hypopnea as a 50% reduction in airflow ≥ 10 sec, accompanied by either ≥ 4% desaturation or an EEG recorded arousal; 18 and Apnea-Hypopnea Index as total apnea and hypopnea events per hour of sleep.
Based on OSA severity and physical examinations of subjects' upper airways, we recommended that the study subjects use CPAP. Patients with OSAS who accepted CPAP treatment underwent a second polysomnographic study, for CPAP titration. We determined each subject's optimal CPAP pressure as the lowest pressure value that minimized respiratory events and snoring.
Assessments
Prior to the baseline PSG study, we reviewed subjects' medical histories and recorded their anthropometric data [body mass index (BMI) and neck, waist, and hip circumferences]. To determine whether pretreatment symptoms might affect compliance, and whether good compliance could change these symptoms, we had subjects complete several questionnaires before and during their CPAP use. We evaluated excessive daytime sleepiness, subjective sleep quality, and depressive symptoms with the Epworth sleepiness scale (ESS), 19 Pittsburgh sleep quality index (PSQI), 20 and Beck depression inventory (BDI), 21 respectively.
To obtain subjective compliance data, we contacted the subjects via telephone or in-person interviews, and they answered a simple question regarding their CPAP use: how many hours per night and nights per week did they use CPAP treatment? We obtained objective compliance information from data cards inside the CPAP machine. Subjective compliance was defined as reported CPAP use of at least 4 hours a day, for 5 or more days per week, and objective compliance was defined as CPAP use of at least 4 hours a day for more than 70% of the time recorded in the CPAP machine. The non-compliant group comprised patients who declined the CPAP treatment. We asked those who discontinued CPAP by the evaluation time to estimate how long they had used the CPAP device before discontinuation. The patients in this study have received 3 months to 3 years of follow-up.
Data Analysis
SPSS version 15.0 was used for the statistical analysis. We present the results for continuous variables are presented as mean ± SD, and we used a chi-square analysis or independent t-test to examine the differences between the compliant and noncompliant groups. Finally, we applied a paired samples t-test to test the variations in ESS, PSQI, and BDI scores before and after the CPAP treatment. Statistical significance was defined at p < 0.05 for two-tailed tests. 
RESULTS
Characteristics of OSAS Patients Requiring CPAP Treatment
The baseline demographic and polysomnographic characteristics of OSAS patients are shown in the Table 1 . Of the 153 patients, we excluded 12 in our analysis due to missing data. The included subjects' mean age was 53.1 ± 11.4 years, and 87.9% of the subjects were male. As expected, patients requiring CP-AP treatment were overweight and had severe OSAS. The average CPAP pressure in the CPAP titration study was 9.4 ± 2.7 cm H2O.
Compliance to CPAP Treatment
Among the 153 OSAS patients whom we had recommended to use CPAP, 52 met our definition of subjective CPAP compliance, and we identified 28 of 135 subjects who provided data cards as objectively compliant patients. Therefore, subjective and objective CPAP compliance was 34% and 20.7%, respectively. About three-fourths (71.8%) of the subjectively compliant patients were also objectively compliant, while 78 patients declined CPAP treatment due to mask discomfort, treatment ineffectiveness, or the inconvenience of being attached to a machine during sleep. Regarding time to discontinuation, 27 patients (34.6%) did not try CPAP therapy after their initial CPAP titration, and 28 patients (35.9%) declined to continue their CPAP treatment within one month ( Table 2 ). The discontinuation rate after 3 months of CPAP use was 15.1%. The two groups also did not differ regarding the respiratory disturbance index (RDI; p = 0.148), but the subjectively compliant group had a lower minimum O2 saturation (p = 0.001) and a higher % of time that O2 saturation was lower than 90% (p = 0.029) than the noncompliant patients did. Also, the subjectively compliant group had higher CPAP pressure (p = 0.054) and PSQI (p = 0.063), although the difference was statistically insignificant. Objectively compliant patients had lower scores on the PSQI (p < 0.001) and BDI (p = 0.042), a higher BMI (p = 0.037), and a lower minimum O2 saturation (p = 0.006) than non-compliant patients did (Table 4). However, we found no significant differences between objectively compliant patients and non-compliant patients in ESS score (p = 0.822), RDI (p = 0.107), and % of time that O2 saturation was lower than 90% (p = 0.113). Table 5 shows the changes in BDI, ESS, PSQI, and BMI after CPAP treatment. In the subjectively compliant group, we observed a statistically significant reduction in ESS score (11.51 ± 5.2 vs. 7.91 ± 5.58, p < 0.001) and PSQI score (8.00 ± 3.97 vs. 5.66 ± 2.90, p < 0.001). Mean duration of CPAP usage in this group was 19.54 ± 11.00 months. Likewise, ESS and PSQI scores decreased significantly after about 18 months (18.17 ± 10.17) of objectively good compliance with CPAP treatment (ESS 11.14 ± 5.06 vs. 6.50 ± 3.85, p < 0.001; PSQI 6.18 ± 2.65 vs. 4.55 ± 2.11, p = 0.011). Changes in ESS and PSQI score did not differ between the subjectively and objectively compliant groups (ΔESS 3.6 ± 5.4 vs. 4.6 ± 5.2, p = 0.479; ΔPSQI 2.3 ± 3.2 vs. 1.6 ± 2.8, p = 0.393). BDI score decreased significantly in the objectively CP-AP compliant group only (6.23 ± 5.38 vs. 4.05 ± 4.30, p = 0.006), but these subjects' average BDI scores were in the normal range before CPAP treatment. 
Predictors of CPAP Compliance
Benefits of CPAP Treatment According to CPAP Compliance
DISCUSSION
We could classify 34% of OSAS patients who tried CPAP therapy as subjectively compliant to CPAP use, and 20.7% of the CPAP patients showed CPAP compliance based on objective data. Our study's compliance rate was lower than that in previous studies, which showed compliance rates ranging from 40 to 80%. 22, 23 However, because of the lack of common criteria for compliance, reported compliance rates have varied across studies, which have occasionally overestimated such rates. Some studies did not include patients who received prescriptions for CPAP but did not obtain the CPAP device. 22, 24 We chose a strict definition of CPAP compliance (≥ 4 h use for 70% of days) and computed compliance rates that included the patients who underwent the CPAP titration study only. In addition, the low compliance rate might relate to cultural differences and follow-up strategies after CPAP prescription. In this naturalistic study, we did not have any additional educational programs to improve CPAP adherence.
We evaluated compliance rates based on, not only self-reported data, but also objective data from the CPAP device. Interestingly, about three-fourths of subjectively compliant patients were also objectively compliant CPAP users. Previous studies have found that compliance based on objective monitoring of CPAP use is much lower than is that obtained through self-report. 25, 26 This study also supports the idea that OSA patients tend to overestimate their CPAP use, but we found no great difference between subjective reports and objective data. These results demonstrate that subjective reports reflect the realities of CPAP use to a reliable extent, although the determination of objective compliance is important for evaluating CPAP compliance.
In this study, most patients who gave up CPAP therapy discontinued their CPAP treatment within the three months of our CPAP trial. Several previous studies have reported this pattern of use. Rolfe et al. 27 discovered that 78% of treatment interruptions happened within 2 months and 90% within 4 months of prescription. Weaver et al. 15 also found that patients adherent over the first 1 to 3 months tend to continue their CPAP therapy. These data indicate the first few months of CPAP therapy comprise the most critical period for determining long-term compliance, and this underscores that early intervention to improve adherence is essential in CPAP treatment. In this study, about 35% of CPAP-declining patients did not initiate CPAP therapy after their CPAP pressure titration trials. Wolkove et al. 23 similarly reported that one-third of patients did not accept CP-AP treatment after receiving an OSA diagnosis and undergoing a CPAP trial. These findings suggest that failing to begin CPAP therapy depends partly on one's first experience and underscore the need for sufficient education and support during the initial titration trial.
Researchers have suggested many factors that possibly predict CPAP compliance. 10, 13, 28, 29 There are no consistent findings across studies, but the well-known factors relating to CPAP compliance include increased OSA severity, excessive daytime sleepiness, improvement in symptoms and/or sleep disturbances, and subjective satisfaction. Regarding the impact of RDI on CPAP compliance, previous studies have given conflicting results. 16, 24, 30 In this study, we found no RDI difference between the compliant and non-compliant groups. However, compliance correlated with oxygen desaturation during sleep, i.e., nadir SaO2 and % of time O2 saturation was lower than 90%. These results support the idea that increased OSA severity correlates positively with CPAP compliance, and degree of nocturnal hypoxemia could be the most sensitive factor for predicting long-term CPAP compliance, more sensitive than respiratory disturbances are. 12, 31, 32 In addition, compliant subjects had lower PSQI scores in this study. In several previous studies, CPAP adherence showed no association with PSG sleep measures or subjective reports of sleep quality, 31, 33, 34 but other studies reported subjectively poor sleep quality in OSAS patients might correlate with difficulty in adhering to CPAP. 35, 36 Supposedly, patients with poor sleep quality are sensitive to CPAP's side effects, such as nasal problems, mask discomfort, and noise. Also, sleep disruption and insomnia are symptoms of depression, and researchers have proposed that comorbid depression has a negative influence on adherence to CPAP therapy. 37, 38 These findings suggest physicians need to evaluate patient sleep quality and depressive symptoms before trying them on CPAP treatment, because patients suffering from insomnia or depression may have increased risks of CPAP discontinuation. In concert with other studies' results, 25, 28, 30, 39 both ESS and PS-QI scores decreased significantly in the subjectively compliant and objectively compliant group. Both compliant groups showed similar levels of improvement in daytime sleepiness and sleep quality. Pépin et al. 40 mentioned that low CPAP adherence is the most frequent explanation for residual excessive sleepiness during CPAP use.
The relatively short follow-up period, insufficient number of objectively compliant patients, and lack of cardiovascular variables in evaluating CPAP effects could limit this study's implications. However, as a study performed in a real clinical setting, this study might provide a basis for measuring and improving CPAP compliance. In conclusion, this study identified about 70% of subjectively compliant patients as objectively compliant CP-AP users, and CPAP's effect in subjectively compliant patients compared to its effect in objectively compliant patients. Most CPAP non-compliant patients discontinued CPAP therapy within the first three months, and higher insomnia and depression scores and less severe nocturnal hypoxemia correlated with poor CPAP compliance in OSA patients. Early intervention is needed to improve CPAP compliance. Clinicians should pay attention to patients who have non-adherence risk factors, such as depression, poor sleep quality, and less severe OSA.
